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Nestling diet an feeding rates of
Rhinoceros Auklets in Alaska

1. Abstract

Food brought to nestling Rhinoceros Auklets
(Cerorhinca monocerata) was sampled by applying tape or
cloth muzzles to the chicks and collecting the uningested
food from the burrow daily. Limited data were also
gathered for Tufted and Horned puttins (Fratercuda corrhata
and F. cormiculata), Auklet chicks received an average of
34.1 g of tood per night at Middleton Island in 1978, and
32.8 g per night at the Semidi Islands in 1979. Pacific
sandlatice (Ammodytes hexapterus) made up the bulk of the
diet at both locations, and large, second-vear or older fish
predominated in the samples. In contrast, Horned an
Tufted puttins took mostly small, first-year fish during the
same seasons. The quantity of food delivered per night to
Rhinoceros Auklets increased with the age of the chick, and
wind speed may have been an important environmental
factor aftecting teeding rates. Proportions of first-year and
older sandlance in: the diet varied within and between
sampling bouts, indicating spatial and temporal changes in
prey availability. Parallel changes in feeding rates were also
observed. The primary use of ditterent age groups of
sandlance by the three putfin species suggests the age
structure of the prey population may differentially atfect
breeding success.

2. Résumé

Nous avons échantillonné la nourriture apportée i
de jeunes Alques & bec cornu (Cerorhinea monocerata) piy
Fapplication de muselicres faites de ruban adhésit ou de
tissu aux oisillons et par la collecte quotidienne des aliments
non ingérés se trouvant dans le terrier. Nous avons égale-
ment réuni un certain nombre de données pour les
Macareux huppés et les Macareux cornus (Fratercula cirrhata
et F, er-niculata). Les jeunes algques ont regu en moyenne
34,1 g de nourriture par nuit i I'tle Middleton en 1978, et
32,8 g par nuit aux fles Semidi en 1979, Le langon du
Pacifique (Ammodytes !u:tzg)rmm) compose le gros du régime
alimentaire aux deux endroits et les gros poissons dgés
de deux ans ou plus dominent dans les échantillons, Fn
revanche, les Macareux huppés et les Macareux cornus on
généralement capturé de petits potssons d'un an au cours
des mémes années. La quantité de nourriture livrée chaque
nuit aux jeunes alques augmente en fonction de 'ige du
juvénile, La vélocité du vent peut avoir été un facteur
environnemental important influant sur les taux d'alimenta-
tion. Les proportions de langons 4gés d’un an et plus dans le
régime varient d'une période d'échantillonnage a l'autre et

dans une niéme période, ce qui témoigne des variations
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spatio-temporelles de la disponibiite des proies. Nous absei -
vons également une évolution parallels des taux d'abmenta-
tion. Les principales utilisations des divers groupes d'age de
lancon par les trots especes de macareux donment a penser
que la structure dige des proies peat ditferemment intlner
sur ka réussite de la reproduction, |

3.  Introduction

Recent studies on the breeding biplogs ot paifins
hive generated considerable intormaton on foods and
teeding ecology during the chick period. T he Athntic
Pathn (Fratercule arctica, s especilly well known i this
respect (Pearson 1968, Nettdeship 1972, Corkinll 1973,
Harrs 1978, Hudson 1979 Asheroft 19791 whercas three
North Pacibic spedies, induding the Rhinoceros Auklet
(Cerorhince monocerata) (Storer 145, have received com-
paratively little attention. Information is as ailable for Rhi-
noceros Auklets and Tatted Pathins (Fratevcude corhaiay at
colonies in Washington (Cody 1973, Leschier 1976, Wilson
1977y and Britizh Columbia (Vermeer 1979 Vermeer etal
19740 Vermeer and Westrhenn, this volume: Summers and
Drent 1979). Informanon tor Alaska, wheve large numixer s
of all three species breed. has only recently become avadlable
(Amaral 1977, Wehle 1980y, |

Results of ivwvestigations on puftins support three
weneral conclusions: (D the tood delivered w chicks usualiy
incliudes very few spedes of prev at am one place and tme;
() nesthing diets commonly exhibit annual, geographac, and
seasontl variation, which presumably reflects changes i the
awvailability of potental prev: G such varanen attects chick
growth and survival, and theretore reproductive snc ess,

This paper is based on food samples collected in
1978 and 1979 at two colonies of the Rhinoceros Aukletm
Alaska. The main objectives are (1o examine varittion in
the nestling diet of this species, along with supplemental
intormation for the Tufted Putfin and Horned Puttin
(Fratercula cormenfata): (2) to dentiby Lactors that affect
feeding rates in the Rhuinoceros Aukles: and (3) to suggest
some possible etfects of prey population structure on the
breeding ecology of puttins. I | 3
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4.  Study areas

" The two study sites are about 700 km apart in the
central and western Gulf of Alaska. Middleton Island lies in
the path of the Alaska Current (Favorite et al. 1976), 90 km
from the Alaska maintand and 20 km from the edge of the
continental shelf (Fig. 1). The island measures about 1.5 by
8 km and is used by seven species of breeding seabirds
wtalling around 175000 individuals, In 1978, Rhinoceros
Auklets occurred in four well isolated subcolonies totalling
some 1800 birds. An estimated 5000~-5000 Tufted Puffins
nested at low density around much of the perimeter of
the island. Food samples of both species were collected at
several points around the island. No Horned Puffins breed
on Middieton Island.

The Semidi Islands include nine islands and numer-
ous smaller islets and rocks 8¢ km south of the Alaska
Peninsula near longitude 156° W. The edge of the con-

tinental shelf lies some 80 km to the south. Collectively,
these islands support the largest breeding aggregation of
marine birds in the Gulf of Alaska (2.4 mittion birds of 20
species), although Rhinoceros Auklets are relatively un-
common (Sowls ef al. 1978). They are known to breed only
“on Chowiet Istand where they number about 800 birds.
Tufted Putfins (100 000) and Horned Puftins (375 000) nest
on all islands in the group. Food samples of these species
Swere eollected primarily at Kateekuk Istand, 2 km to the
northwest of Chowiet, and at Sukhk Island, 3 km to the east.

5. Methods
5.1, Field technique

Food sareples were obtained primarily by applying a
muzzle to the chick to prevent it from swallowing any of the
food delivered by s parents, and collecting the accumu-
Lued food from the floor of the nest chamber daily, At
Middleton Island. fibre-reinforced packaging tape was
folded and tied in a harness around the bill and back of the
head (Baird and Moe 1978). Boot-shaped cloth hoods were
used to cover the entive head at the Semidi Islands. Three
s1izes were sewn o fit chicks of various ages. A draw string of
varn around the lower margin, tied at the nape, prevented
the hood trom slipping off. Hoods were preferable to tape
- because they caused less stress and, unlike tape, were never
removed by the chicks. The procedure was also more
cethaent because hoods were reusable and simpler 1o apply.
[ reter to food samples collected by this method as “burrow-
loads™: samples collected directly from adults (e.g. Nettle-
ship 1972, Corkhill 1973) I call “bill-}oads.” |
- Collections were made in four sampling periods 67
days apart at Middleton Island (18 July - 16 August 1978),
and m three sampling periods 10-13 days apart at the
Semidi Tslands (18 July — 11 August 1979), A sampling
- period comprised two successive nights, i.e. each chick wore

amuzzle for 36—48 h, but samples were collected each
- morning. Because Rhinoceros Auklets visited their nests
only at night, each sample represents the quantity of food
delivered to a chick in a 24-h period. Chicks were weighed at
the outset of each sampling period and after each interval of
fasung. Their ages were estimated from wing measure-
ments on the first visit with reference to data for known-age
chicks (Leschner 1976).
| The method I have described had only limited
‘success with Tufted and Horned puffins. Samples obtained
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from these species were supplemented with bill-loads or
specimens of prey found on the ground near burrow
entrances, but the total of material available for comparison
with the auklets is minimal,

5.2, Laboratory technique

Food samples were preserved in 10% Formalin for
later sorting and identification of species in the laboratory.
Except as noted beiow, identifications were made by the
author, Fish lengths were measured to the nearest milli-
metre from the snout to the tip of the tail. Age-classes of
sandlance (Ammodytes hexapterus) were assigned by inspection
of the distribution of lengths in my sample and distributions
for known-age fish (Blackburn 1979; Dick and Warner, in
press). Preserved burrow-loads were air dried for 2-3 min
and weighed with a triple beam balance accurate to 0.1 g,

5.3.  Statistical analysts

Most of the statistical analysis was accomplished using

the SPSS package of computer programs (Nie ef al, 1975),

I used the arcsine transformation on percentages and an
additional transformation (¥ — ¥*) on two variables (pto-
portion of sandlance per burrow-load and relative propot-
tion of second-year or older sandlance) to yield distributions
with nonsignificant skewness and kurtosis.

Figurel .
Locatton of study sites in the Gulf of Alaska
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6. Results
6.1. Breeding phenology

Since the food available to seabirds varies seasonally
and annually, it is useful to note differences in the timing of
breeding among the three puffins, Rhinoceros Auklets
probably breed earliest wherever these species occur
together (Fig. 2; see also Vermeer et al. 1979). At Middleton
Island their eggs hatched about 2 weeks earlier than those
of Tufted Puffins, and at the Semidi Islands, about 3 weeks
earlier. Horned Puffins, in turn, hatched 1 week later than
Tufted Puttins at the Semidis. Breeding schedules were
earlier at Middleton Island in 1978 than at the Semidis in’
1979, about | week for Rhinoceros Auklets and 2 weeks for
Tufted Puftins,

The fledging periods of Rhinoceros Auklets, T'ufted
Puffins, and Horned Puftins average 51, 47, and 40 days,
respectively (Vermeer and Cullen 1979, Wehle 1980). Tlie
mean age of Rhinoceros Auklet nestlings from which food
samples were collected was 33,1 days at Middleton Island
(n = 68,3p = 11.0, range 3~54 days) and 28.1 davs at the
Semidis (n = 82, sp = 10.7, range 1352 days). T'uftec
Puffins averaged 24.4 days old in the sample on Middleton
Island (n = 16, s» = 8.1, runge 10-33 days). Since only
bill-loads were obtained from Tufted and Horned puttins at
the Semidis, the ages of chicks in the sample can only be
approximated from sampling dates and the distribution of
hatching (Fig. 2). The mean age of Tufted Puffins would
have been in the range 30-35 days: the mean for Horned
Puffins was probably 20-25 days.

Figure 2
Hatching dates of puffins at Middleton fsland in 1978 and the Semidi
Islands in 1979
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6.2. Feeding rates

The distribution of burrow-load-size for Rhinoceros
Auklets did not difter significantly from the normat dis-
tribution at either study area (Kolmogorov-Smirnov test for
goodness-of-tit, P > 0.05). Means and ranges of toad-sizes
were similar at the two sites (Table 1), Bodv weight,
averaged over all sampling periods, was 270 g per chick at -
Middleton Island and 225 g per chick at the Semidi Islands. -
Thus, the rates of food intake can be expressed as 12.6Y;
and 14.6% of body weight per diy at the two sites, respec-
tively. Muzzled chicks lost weight at an average rate of 864
of body weight per day. | -

~ The fecding of ‘Futted Puffins was severely dis-
rupted by the same collecting technigue that appeared 1o
work well with Rhinoceros Auklets (Table 1, Appendix). No
food was delivered to Tufted Putfing on over two-thirds of
days compared with 167 and 115 of davs, respeciivels, far
Rhinoceros Auklets at Middleton Island and the Semidis,

b.3.  Nestling diets

Rhinoceros Auklet nestlings at Middleton IKknd
were fed almost entirely Pactfic sandlance, plus snadt quant-
ties of four other species of fish as well as squid and octopus
(Fig. 3. Table 2). Sandlance also made up the bulk of the
diet at the Semidi Islands (Fig. -b, but capelin (Mallotus -
villosus) made up 29% by werght in mid Juls, dedinimg
thereafter (Fig. 5. Capelin were lacking at Middieton
Isliand. and there were no notable chianges i the compos-
tion of the diet during the season. Although data tor Tuted
and Horned putting are limited. they suggest marked
differences between the dicts of these species and that of
Rhinoceros Auklets (Figs. 3and b 'Tutted Puttins in
particular, had important pres other than sandiancean-
cluding cephalopods at Middleton Ishnd and walleve pol-
lock {Thevegra chaleogrammay at the Scundis, Larval thattish
(mean length 35 mmd and g cuphausitd. Thysanarsaa spuntfer
(mean length 30 mum), occurred v several samples at the
Semidis. Although these ttems were not quanttanvelv im-
portant. it is tiotable that such tiny prev.were brought to

Table 1 | |
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chicks. Similarly, one bill-load of a Horned Puffin consisted
of 50 larval Osmerids, probably capelin, welghmg less than

4 g in all,

w

Figure 3

Nestling dizts of Rhinoceros Auklets and Tufted Puttins at Middieton
Istand, 26 July — 16 August 1978. Sample sizes are the number of

burrow-loads - | |
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Tg:‘t ral changes in the diet of Rhinoceros Auklets at the Semidi Islands
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Two distinct size-classes of sandlance were presentin
the food samples (Figs. 6 and 7), and their relative im-

portance ditfered markedly between species and between
study areas (Figs. 3 and 4). According to Blackburn (1979),

L - = [ . -
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Rhinoceros Auklets suggests the composition of samples iy
usefully characterized by the proportion of sandhance per .
load and the relative proportions of the 1wo size-classes.

Since prey other than sandlance were scarce at both stady

4 the smaller fish (first-year) would have hatched within the areas, and many loads at the Semidis comained ondy second-
i current year, probably injanuary or F ebruary. whereas yedl' or older ﬁ!@h. skewness in the distributions of these
' %g most of the larger fish (second-year) were hatched a year variables was nnot eliminated by transtormation. I exdluded.

- earlier. The two largest fish (150170 mm) collected at therefore, samples consisting entively of sandlance or
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Middleton Island were probably 3-5 years old, and this
group seemed well represented at the Semidis.
Measurable growth occurred in the youngest sand-
lance during the sampling period at each site (Figs. 6 and 7).
The rate of increase in mean hody length was estimated by
linear regression to be 18.7 mm per month at Middleton
Island and 21.0 mm per month at the Semidis (P < 0.001}
for both regressions, r = 0.554 and 0.768, respectively).
These rates did not ditfer significantly, as shown by an
analysis of covariance (P = 0.225). When age-classes are
compared between the two sites, however, differences in

6.4.1. Heterogeneity of load-sizes — There was much variation
in the weight of burrow-loads collected on a given night and
i mean load weights on different nights (Fig. 4. A nested
analysis of variance, with corrections for unequal saraple
sizes on difterent nights (Sokal and Rohlt T98 ] 245,
indicated that 60-80% of the variation in load-sizes oc-
curred within nights, but about 20% occurred between
nights (Table 3). No additional component of variance
between sampling periods was found to account tor varia-
tion between nights, However, because a seasonal increase
in feeding rates occurred (see below), significant variation
between periods would be evident had more sampling
periods been include.

6.4.2. Factors affecting feeding rates — A number of factors
might contribute to vatiation in feeding rates, including:
(1) the age of the chick; (2) annuat and scasonal chinges
food availability; and (3) environmental vartables such as
wind or tides. 'The prevalence of sandlunce in the diet of

CCANE, TSN )L St

entirely of second-year fish trom the tollowing correlation
analvsis. | | |

Simnple correlation coetficients between burrow-load-
size and several ot the above variables indicate that none of
the relationships is patticulariyv strong CFahle 5. Most are
statistically significant, however, and [ wonld expear Lactors
caunng feeding rates (o vary by 5= 1007 1o have biologial
stgnificance as weldl Table 1 also reveals signdicant correls-
tions among independent satiables which coudd lead 1o
spurious conclusions about their mdiadual etfects onend-
size. At the Semidt [skands, for exionple, sampling date was

reverse is not true (L able 5. 1T hus, the size of burrow-ioads
increased with the age of the chick, but noseasonal trend
food avilabibity can beanterred. S

The proportion of sandliance per foad and the
refative amounts of the two stee-cisses were conelated with
sainpling date and the age of the chack ¢ Lihle b Here |
again, partial correlations i which the ettects of samplhing
date and chick-age were controlled, reveaded these rela-
tionships to be real (Lable 5. This condlusion is st ength-
ened by a compatison of meians between samples consisting
entirely of sandlat Cand those contaiming othey prev. Pure
boads of sandhlince averaged 118 ¢t Middleton and 108 ¢
al the Semidis, compared with 356 ¢ and 33.3 gorespecive
by, for loads of mixed species composition (7« (10w cach
ariv, loads contamimg onhy Lage sqndlonce
averaged 7.7 ¢ heavier that loads contaning botly age-
Classes it the Semidis (1133 5 P < 0 En. |

Fhe relation observed at Middleton Ishawd between
chick-age and the relatinve proportions of Large and smali
sandlince was highhy sgnibicant o <2 0.0 even when ali

-

i overall mean length are evident in first-year and older fish stronglv correlated with the ages of chicks in the simple

5 alike (Fig. 8). When the apparent effect ol smmphing date on dosd-size s
:;ﬁi removed by parttal correlation, there sull s aaigimticant
64, Analysts of variation in tfeeding rates positive relationship with the age ot the dinck bur the

Table 2

Prey species and their percent frequency of occurrence in foud samples
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Semidi Islands

Middleton Island | ___Semidi | e
Rhinoceros Tufted Rhinoceros Horned Tufted |
Auklet Puffin Auklet Pulffin Pulfin |

Spﬁ.‘ien (n = ON) i '*‘lli] \n o _r_‘f‘.f‘n _.....:_!.. M .._-,!.:_!.-,_....W»_'.-_.I-_m ..'.L_ “_:T!.L.wq-;ﬁ
Yacitic sandlance o |

Fitst-year ) H . FRRL LN | lo jrresent
Second-veur LAY 3.0 GAAY | i LM B

All ages - W26 813 . 'l:'? N prosent
(:iilmliu - 456 B [P s
Larval Osmeridac - o
Pacific sandtish (Trichodon trichodon) FEY .3
Kelp greenling (Hexagrammos decagrammus) 113 -
Unid. Hexagrammidae i ' SRR , N
Prowlish (Zaprora silenus) 2.5 jr el
Sablefish (Anoplopema fimbria) 4.4 .
Willeye pollock \ s o o Pn'hl'lil
Rocktish (Sebastes sp.) 7.4 \ xS : - l:' _m:'
Larval Pleuronectidae ) - | o pre
Squid (Gonatis middendorfi) 7.4 -l:l.F 'R o .
Octopus (Octopus sp.) 7. b8 . e

Euphausiidace
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M
Figure 6 B | | |
Length frequency distributions of Pacific sandlance in the diet of Rhi-:
noceros Auklet nestlings, Middleton Island, 1978. Fish in the stippled area

were assigned to the first-year age-class; fish in the unshaded area were
considered second-year or older

24 1
* 26-27 July
161 n=H

16 |
81
24
. p . 5-16 Aug.
161 I T N
-. o n=70
81 i

60 80 100 120 140 160 IO

| Length (mm)

Figure 7 .

Length trequency distribarions of Pacific sandlance in the diet of Rhi-
noceros Attklet nestlings, Semidi slands, 1979, Fish in the stopled area
were assigned to the first-vear age-class; tish in the unshaded avea were
consiclered second-vear or older
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other variables (load-size, sampling date, and percent total
sandlance) were controlled. Thus, a tendency for parents of
older chicks to.deliver larger fish selectively appears to be
real.

6.4.3. Heterageneity in species and age composition of burrotw-
loads — Since load-size was correlated with species composi-
tion and the proportional amounts of first-year and older
sandlance, I examined variability in these characteristics in
relation to samples collected on the same night, on suc-
cessive nights, and in difterent sampling periods, Chi-
square tests for heterogeneity of species composition within
nights are limited to three nights at the Semidi Islands when
substantial numbers of prey other than sandlance (mostly
capelin) appeared in the samples. When capelin were
available, they did not occur uniformly in all samples, but
tended to show up disproportionately in a few (Table 6).
Similarly, loads tended to consist of one age-class of sund-

lance or the other on nights when both classes were well

represented (Table 7). One group or the other was largely
absent on a few nights (dates excluded trom the analysis).

Because both aspects of load composition varied
sighificantly within nights, 1 used the nonparametric
Kruskal-Wallis analysis of variance to test the significance of
variation between nights and between sampling periods.
Species composition (Tabl > 6) was expressed as the percen-
tage (by weight) of sandlance in each sample and age
composition (Table 7) as the proportion‘of second-year or
older sandlance, Again, there was significant heterogeneity
in these characteristics between samples collected on suc-

cesstve nights and among samples collected during different

stages of the season. The percentage of tests in which the

e
Figure 8

Comparison of length frequencies of Pacific sandlance in food samples
trom Middleton Island, 1978, and the Semidi Islands, {979, Fish in the
stippled area were assigned 16 the fivst-year age-class; fish in the unshaded
area were considered second-year or older
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burrow-loads (49%) collected on Middleton Island and 3¢
of 82 burrow-loads (409%) collected at the Semidis weighed
more than 40 g and probably included two deliveries.

null hypothesis is rejected is less than for samples collected
on the same night, just as most variation in load-sizes
occurred within nights (Table 3).

6.4.4. Influence of weather on feeding rates — One additional
factor that may influence feeding rates is wind and associ-

#  ated sea conditions. Fortuitously, each sampling period a Table 4
¥ the Semidi Islands included one Wil]dy and one calm llighl Pg'u‘rv.:n correlation cocfficients among loud-size and several independent
% (Fig. 9h). On win d}’ hi gl‘ltﬂ, wind velocity varied between ;'ui‘mhlﬂ. ?\11 values above the diagoml are for Middleten Island; viahues
7 g - L . selow are for Semidis | |
¢ about 20 and 50 knvh. For this analysis { treated wind as a ettt U
g nonmetric variable with two categories, windy or calm. [ Weicht  Aveof M % I:‘r}tr
% used an analysis of covariance to control for the increase in : n A P
o : e by _ ofload chick date  sandlunce lance
3 feeding rate as chicks aged. Results indicated that wind Wfig-ht of loud : R O Y
: _ : il ' ) A Ay
é reduced mean load-size by about 11 g overall, a highly df . T g fits
¢ significant effect (Table 8). P U5 DSUUT DOAR - 000] -
7 My record of weather at Middleton Island is in- o | | ) . :
i complete, but wind speeds varied little, probubly averaging Age ol chick e IR Y
5 between 10 and 20 km/h each night. Nevertheless, there | Bl 0o ey b
3 was as much variation in mean lyad-size between nights - 4
% on Middleton as at the Semidis (Fig. 9, Table 3), so the Sampling date 0250 0T TN EEER ]
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~ The quantity of food delivered daily increased with
the age of the nestling. Harris (1978) and Ashcroft (1979)
showed that the rate of food consumption in Atlantic
Puffins increased with age to a point, then declined during |
the last 2 weeks of the nestling period, No such pattern is
~evident in my data tor Rhinoceros Auklets, but older
nestlings mav have been inadequately sampled. I assumecd
the relationship to be linear.

Additional variation in feeding rates presumably
reflected changes in prey availability, Variation occurred
both within and between nights, as did changes in the
relative amount and size distribution of sandlance in the
samples, My interpretation is that movements of this prey
species. particularly the older individuals, largely de-
termined the foraging success of Rhinoceros Auklets. When
second-vear and older sandiance became temporarily un-
avitlable, the birds apparently were unable to compensate
by xwitching to alternate prey.

7.2, Inferences about the population biology of sandlance

Recognizing that burrow-loads probably consisted of
one or two bill-loads. 1 believe that strong heterogeneity in
the composition of sample - within nights simply resulted
from small-scale patchiness in the distribution of prey, Birds
- probably encountered fish in faicly uniform shoals. Presum-
ably, however, variation hetween nights and between samn-

- pling pertods resultec from more pervasive temporal shifts
it prey availability., | |

Carefully interpreted, the correlations shown in
‘Tables 4 and 5 indicate age-specific patterns of movement
and availability in sandlance. An increase in the proportion
ot large sandlance in the diet could come about in three
wavs. First, an icrease in the absolute availability of large
sandlance would merease load-size, total sandlance per load,

Figure 9

Variation in the weight of burrow-loads of Rhinoceros Auklets:

(@) Middleton Island, 1978; and (b) Semidi Istands, 1979, showing
associated weather conditions
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- Kruskal-Wallis

(a)

and the refative proporuon of large sandlance, Second, a e 19 28 29 - 0
decrease i the avatlability of small sandlance would increase July August
the proportion of large fish. but total sandlance and load-
size would decrease. "Third, compensatory shifts could occur
such that total biomass of sandlance remains the same but
Table 7
Hererogeneits ot Rhinoceros Auklet food samples with respect o the
proportons of stnall and large size-classes of sandbince
Source of -
Area variation Test Date(s) x? df P
Middleton Between samples (within nights) Chi® érﬁjui}' 21.5 .3 0.00
| Aug. 66.1 13 0.001
2 Aug. 44,0 9 0.0l
8 Aug. 37.9 12 0.001
9 Aug. 32.5 i 0.001
15 Aug. 2.5 b 0.87]
| 16 Aug. 10.3 1 0.005
Between nights (within periods) Kruskal-Wallis 26-27 {uly | 2.3 l 0.130)
-2 Aug. 0.01 I 0.907
8-9 Aug. 5.0 l 0.026
15-16 Aug. 0.0 1 1.000
| Between sampling _[_Jerimls Kruskal-Wallis 26 July - 16 Aug. 6.5 3 (0.091
Semidis Between samples (within nights) Chi? £9 July 49.9 10 0.001
| 29 Tuly 85.7 14 000
1l Aug. 82.0 12 (0.001
Between nights (within periods) Kruskal-Wallis 1819 July 2.1 l 00.149
| 28--29 July 6.1 ] 0.013
10-11 Aug, }.4 l (0.236
Between sampling periods 18 July ~ 11 Aug. 10.4 2 0.005
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the relative abundance of large fish increases. In that
situation, load-size and total sandlance would remain con-
stant as the proportion of large fish increased. The results in
Table 5 are consistent only with the first of these alterna-
tives, The observed correlations apparently resulted from
changes in the availability of second-year and older sand-
lance. Either the availability of first-year fish did not vary
appreciably, or this variation exerted little influence un
fbragin% success.

here was little difference between growth rates of
first-year sandlance at Middleton Island and the Semidis.
Furthermore, although sampling occurred 6 days earlier at
the Semidis, that cannot account for the ditference in size of
first-year fish at the two study sites (Fig. 8). ‘Therefore a
difference in spawninﬁ titme is the most likely explanation.
The difference in the breeding phenology of puffins at the
two sites paralleled this apparent difference in the phenol-
ogy of their principal prey.

Judging from their greater abundance in tood sam-
vles, second-year and older sandlance were more available
at the Semidi [slands than at Middletori. I would expect this
to affect the toraging success of Rhinoceros Auklets, vet
feeding rates were similar at the two sites. The conclusions
possible from a geographical comparison, however, are
limited on this point. A longitudinal study at one site would
he better because the ratio of age-classes in food samples
provides no infortnation about their absolute abundance.
and we o not know the areas over which populations of
sandlance are relatively discrete. The demography of sand-
lance is probably well represented, however, by sampling a
one locality through time.

7.3.  Ditferentiation of food habits imong puttins

A sitlient result of this study is the degree to which
Rhinoceros Auklets diverged from the other species in

exploiting mainly older age classes of sandlance. Presumably

this reliates to the depth or distance from the colony at which
the species feed, or to their diftering daily activity schedules.
(Rhinoceros Auklets deliver food to the voung only at night,
when the distribution of sandlance may be difterent than in
daylight.) The populations of many pelagic fish are char-
acterized by having relatively strong and weak vear-classes
resulting from large annual fluctuations in reproductive
success (May 1974, Ricker 1975). Sundlance. at least in the
North Sea, are no exception (Hart 1974). Whether the
age-structure of prey populations difterentially atfects the
breeding performance of puftin species would be interest-
ing to explore. My ditta indicate thit such an effectis likely.
but the proper study of this phenomenon requires several
years' observations on food habits and breeding success at
mixed colonies. | expect the effect to be most evident where
putfins exploit few species of prey, as appears to be true i
the Guif of Alaska.

m—___

Table 8 | | |
Composition of the variation in weight of butrow-loads explained by wind

speed and age of the chick, Semidi Islands, 1979
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10. Appendix

Evaluation of the collecting technique

There were no obvious indications that the use of
muzzles on nestling Rhinoceros Auklets interfered with
normal food provisioning by their parents, but further
studies should include direct ohservations on marked but-
rows as a control, The technique caused the loss or injury of
some chicks at Middleton, but this was eliminated with the
use of cloth muzzles at the Semidis (Table 1).

In contrast, the method had a clear and iminediate
effect on the parental behaviour of Tufted Puffins,
although the reasons for this difference are not clear. Mean
load-size was depressed, and in most cases feeding ceased
altogether. The parents must often have eaten the first
bill-loads they brought after the chicks were muzzled,

otherwise 1 would have found at least some food in most
burrows. Feeding continued at undisturbed burrows on

Middleton Island, and 10 control chicks grew normally
throughout the season. Nearly total mortality occurred
among Tufted Puftin chicks muzzled at the Semidi Islands,
so the procedure was soon discontinued, Chicks that dis-
appeared had apparently wandered out of their burrows,
Although fturther trials with Horned Puffins are needed, it
appeared that problems similar to those encountered in
Tufted Puftins can be expected. If the technique caused
subtle changes of parental behaviour in Rhinoceros Auklets,
this would not necessarily alter any of the conclusions I have
drawn, beyond the estimation of overall feeding rates.
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